Summary. In the epididymis of young rats, activities of DNA polymerases \g=a\,\ g=b\ and \g=g\ and DNA topoisomerase I decreased after castration. DNA polymerase \g=a\and \g=g\ increased with androgen administration and activity reached 81\m=.\3% and 78\m=.\0%, respectively, of the activity in the sham-operated group on day 21. Activity of DNA polymerase \ g=b\ remained at the activity of day 7 during androgen administration and was almost the same as that in the sham-operated group on day 21. DNA topoisomerase I activity showed a slight increase with androgen administration and reached 50\m=.\3%of that in the sham-operated group. The activities of these enzymes were not fully restored to those in the sham-operated group. These results indicate that in young rats activities of epididymal DNA polymerase \g=a\and \ g=g\ and DNA topoisomerase I are partially, and that of DNA polymerase \ g=b\ wholly, dependent on androgens and may provide a means of investigating the regulation of epididymal cell proliferation.
Introduction
The epididymis plays an important role in the morphological and physiological changes in sperma¬ tozoa that are necessary for acquisition of fertilizing capacity (Dyson et al, 1973; Orgebin-Crist et al, 1975) . This mechanism depends on functions of the epididymal epithelium that regulate the substantial transport from the bloodstream to the lumen, and synthesize several specific substances that are secreted into the lumen. In performing these functions, the epididymal epithelium is under androgenic control (Brooks, 1981) . Previously, the effects of androgens on the epididymal epi¬ thelium have been assessed in terms of epithelial cell proliferation measured by rates of DNA synthesis. Clermont & Flannery (1970) reported that the proliferative activity in the epididymis was high in rats 2-5 months old, but low in those 4 and 12 months old; Majumder & Turkington (1976) reported that a major burst of testosterone-dependent DNA synthesis peaked at 40 days in the head of the rat epididymis and at 40-60 days in the tail of the epididymis. The proliferative activity in the epididymides of young rats is therefore higher than in adults. In the present study, we focused upon DNA polymerases , ß and (EC 2.7.7.7.) and DNA topoisomerase I. DNA polymerase is localized in the nucleus and involved in chromosomal DNA replication. DNA polymerase ß is localized in the nucleus and involved in DNA repair. DNA polymerase is localized in the mito¬ chondria and involved in mitochondrial DNA replication (Kornberg, 1974; Weissbach, 1977) . DNA topoisomerase I is involved in the transcription and replication of DNA (Badaracco, 1983; Ando et al, 1987 (Badaracco, 1983 (Labarca & Paigen, 1980) .
The partial purification of the crude extract was carried out by phosphocellulose column chromatography. The crude extract was diluted by adding four volumes of the equilibration buffer and then applied to the column (0-7 12-0 cm2). After washing with the same buffer, the column was eluted with a 25 ml linear gradient from 0 to 1-Omol KC1 l"1 in the same buffer at 12ml h"1. An aliquot (10µ ) of each fraction (1 ml) was assayed for DNA polymerase , ß and .
All chemicals were obtained from commercial sources as described by Fujisawa et ai (1988) . All assays were performed in duplicate.
Statistical analysis
Student's ; test was used and significance given to < 0-05.
Results

Influence of castration
The epididymal wet weight rapidly decreased to 46-5% of that in the sham-operated control group on day 7 after surgery ( Fig. 1) . Thereafter, it remained constant until day 21. The protein content and the DNA content showed a similar pattern and decreased to 45-7 and 500% of those in the sham-operated group on day 7 after surgery, respectively (Fig. 1) .
The castrated group showed little change in DNA polymerase activity during the first 7 days and a rapid decrease between days 7 and 11 after surgery (Fig. 2) , whereas the sham-operated group showed a gradual increase. Thereafter, the activity remained constant until day 21 and reached 30-2% of that in the sham-operated group. The castrated group showed an increase in DNA polymerase ß activity during the first 3 days and a rapid decrease between days 7 and 9 after surgery. Thereafter, the activity remained constant until day 21 and reached 64-1 % of that in the sham-operated group. The castrated group showed a rapid decrease of DNA topoisomerase I activity between days 3 and 7 after surgery (Fig. 3) . Thereafter, the activity remained constant until day 21 and reached 49-4% ofthat in the sham-operated group.
Effect of androgen administration
Testosterone propionate was administrated as a replacement for androgen to the castrated rats from day 7 after surgery. The epididymal wet weight, protein content and DNA content all increased with androgen administration, but did not recover to the values in the sham-operated group (Fig. 1) . On day 21, the epididymal wet weight was 480%, the protein content was 38-5% and the DNA content was 36-3% of those in the sham-operated group, respectively (Fig. 1) .
DNA polymerase activity increased after an initial decrease for 2 days with androgen administration (Fig. 2) Partial purification was performed by phosphocellulose-column chromatography. Crude extracts from the epididymides of sham-operated rats and castrated rats with or without androgen administration on day 14 were applied separately to the phosphocellulose column as described above. The DNA polymerases were successively eluted in the order , and ß (Fig. 4) . The total activity of each DNA polymerase was calculated from the total activity in each fraction and was corrected on the basis of DNA content in the original homogenate. The results acquired from the crude extracts were supported by the observation that DNA polymerase activities in the epididy¬ mides of castrated rats with androgen administration were much higher than those without androgen administration on day 14.
DNA topoisomerase I activity showed a slight increase with androgen administration and reached 50-3% ofthat in the sham-operated group (Fig. 3) . Values are mean ± sd (n = 5); (O), castrated rats with androgen administration. *P < 0001, **P < 001, ***p < 005 compared with castrated rats on days 9, 11, 14 and 21, respectively.
Discussion
The results of this study indicate that the activities of enzymes involved in DNA synthesis (DNA polymerase , ß and and DNA topoisomerase I) in rat epididymis are partially controlled by androgens during development. The changes in activities of DNA polymerase , ß and and DNA topoisomerase I showed diverse patterns after androgen administration to castrated rats.
Many investigators have assessed the DNA synthesis in the rat epididymis by measuring the labelling index and the mitotic index (Clermont & Flannery, 1970) , the incorporation of [3H]thymidine into macromolecular products (Majumder & Turkington, 1976) and the concen¬ tration of DNA (Brooks, 1977) . They reported that epithelial cell proliferation of epididymis was controlled by androgens.
In this study, it took about 4 days for DNA polymerase activity to increase after androgen administration to castrated rats and 2 days for DNA polymerase . Similar patterns were pre¬ viously observed in the changes of the activities of glycolytic enzymes in the rat epididymis (Brooks, 1976) and of DNA polymerases in the rat prostate gland (Okuda et al, 1991) . But different mechanisms in the epididymis and in the prostate gland are responsible for the lag periods. Brooks (1976) explained that the changes in the rate of DNA synthesis were a direct result of tissue hyperplasia in the prostate gland, but in the epididymis they were controlled by an additional mechanism, i.e. the synthesis of androgen receptor molecules in the epididymis was itself under androgenic control. A certain period may be required, therefore, before other androgen-dependent processes are initiated. The lag periods in DNA polymerase and can be explained by this mechanism, but there was no lag period for DNA polymerase ß. There may be a lag period in the first 48 h of androgen administration, but we did not measure DNA polymerase ß activity then.
In this study, DNA polymerase activity showed a continuous increase during 2 weeks of androgen administration to young castrated rats. However, in our other study in adult castrated rats, there was a small increase in activity after androgen administration (M. Fujisawa, unpub¬ lished observation). Androgen administration had little effect on DNA polymerase activity in the adult castrated rats. These results suggest that the epididymal epithelial cells of young rats are more responsive to androgen stimulation than those of adults. Clermont & Flannery (1970) demon¬ strated that the cell turnover, examined by the labelling and mitotic indices, in the epididymis from young rats was higher than that in adults. This report may support our results. It is interesting that the change in the activity of DNA polymerase , which is localized in the mitochondria, showed a Fig. 3 . Changes in DNA topoisomerase I activity after castration or sham operation in rats. The reaction products were separated by agarose gel electrophoresis. The upper band is relaxed DNA and the lower band is remaining supercoiled pBR 322 DNA. All sample solutions of crude extracts were adjusted to the same total DNA content (2 pg) prior to the enzyme assay, (a) Lane 1 is no enzyme solution; lanes 2, 3, 4 and 5 are from sham-operated rats on days 0, 7, 14 and 21 after surgery, respectively; lanes 6, 7, 8, 9, 10 and 11 are from castrated rats on days 3, 7, 9, 11, 14 and The column was eluted with a 25 ml linear gradient from 0 to 10 mol KC11~'. similar pattern to that of DNA polymerase a, but not to that of DNA polymerase ß, which is localized in the nucleus. This is because DNA polymerases and are involved in DNA replication but DNA polymerase ß is involved in DNA repair (Kornberg, 1974; Weissbach, 1977 (Brooks, 1979) and epididymal nuclear 5a-reductase (Wilson, 1975; Scheer & Robaire, 1980; Robaire et al, 1981) are regulated by factors entering the epididymis directly from the testis. In our study, the sham operation was performed without efferent duct ligation. The testicular fluid therefore continued to enter the epididymis. According to these and our findings, epididymal cell proliferation in young rats is probably regulated not only by androgen supplied from blood circulation, but also by other substances controlled by other serum factors or factors entering the epididymis directly from the testis. Orgebin-Crist et al. (1975) reported that the whole epididymal economy depended on the presence of the testis and that androgens alone were not sufficient to maintain epididymal function at a normal level; other factors were probably necessary and the immature epididymis may have additional requirements. These findings may help to explain our results.
In conclusion, epididymal DNA polymerase , and DNA topoisomerase I activities are partially, and DNA polymerase ß is wholly, dependent on androgen in young rats. Epididymal DNA synthesis is not controlled only by DNA polymerases and DNA topoisomerase I, which are related to epididymal cell proliferation. Studies of these enzymes are useful in understanding the mechanism of epididymal development in response to androgens.
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